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ABSTRACT 

Some characteristic species of Late Cretaceous radiolarians from central 

Japan and the world are discussed. With respect to the relation berween 

radiolarian distribution and latitude, Amphipyndax enessefft Foreman, 

Theocampe abschnitta (Empson-Morin). Myltocercion acineton Foreman, and 

Dictyomitra Limelltcostata Foreman were restricted to the low to intermediate 

latitudes. LHhomelma héros Campbell & Clark, Lithomelissa hoplites 

Foreman, Theocampe altamontemis (Campbell &: Clark), and Stichomitra 

livermorensis (Campbell & Clark) would tend to be cosmopolitan; however, 

only in the circum-Pacific région, they were apparently confmed to northeas- 

tern Asia, northwestern North America, and the Antarctic. The existence of 

the distribution of the Late Cretaceous radiolarians could be explained by 

oceanic circulation patterns and it was important in determining Late 

Cretaceous provincial boundaries of radiolarians. 
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RÉSUMÉ 
Biogéographit des radiolaires du Crétacé supérieur (Campanîen supérieur- 

Maastrichtien inférieur) : bilan. 

Quelques espèces caractéristiques du Crétacé supérieur du japon central et 

du monde soni discutées. Tenant compte des distributions paléolatitudi- 

nales, il apparaît que Amphxpyndax enesseffi Foremaii, Theocampe ahschnitta 

(Empson'Morin)j Myllocercian adneton Forcman, and Dirtyomirra lamellico- 

stata Forcman sont restreints aux basses latitudes ou intermédiaires, alors que 

Lithomelîssa héros Campbell ÔC Clark, Lithomelissu hoplites Foreman, 

Theocampe altamontensis (Campbell &: Clark), and Stkhojmtra livemorensis 

(Campbell 6c Clark) tendraient à être cosmopolites. Néanmoin-s, dans les 

régions drcum-Pacifique,. ils sont apparemment confinés au Nord-Est de 

l’Asie, au nord-oufcsrdc l'Amériquedu Nord et à l’Antarctique. L’existence de 

cette distribution au Crétacé supérieur pourrait être expliquée par des cou- 

ranrs océaniques qui ont dércrminé le.s limites des provinces fauniques de 

radiolaires à cerre époque. 

INTRODUCTION 

Radiolaria are effective indicarors of various 

oceanic environments; paleoceanographic, 

paleoecologic, bathyinetric, etc. Since Haeckel 

(1887), many paleobiogeographic studies of 

radiolarians hâve been donc during the past 

100 years. However, most hâve been restricted to 

the Cenozoic (c.g., Casey 1971; Goll & 

Bjorkiimd 1971; Petrushevskaya 1971). and very 

litrie has been published on radiolarian paleobio- 

geography from the Mesozoic. Pessagno (1976) 

establishcd a radiolarian zonation for the Upper 

Cretaceous portion of the Créât Valley sequence 

of Northern California and stated that radiola¬ 

rian spedes common to the Upper Cretaceous 

strata of the lechyan, Boréal, and Austral Faunal 

Provinces are eurybarhic and would rend to be 

more cosmopolitàn. However, commencing with 

the study of Empson-Morin (1984), Upper 

Cretaceous radiolarians hâve been appreciated as 

valuablc biogeographic tools. She described the 

Upper Cretaceous radiolarians as effective envi- 

ronmental indiçators showing variations in res- 

ponse to deptb and/or latitude. 

Recently, a preliminary study by Takahashi ôé 

Ishii (1993) stated that the Upper Cretaceous 

(late Campanian-carly Maastrichtian) strata of 

central japan include two characteristic radiolar¬ 

ian faunas. I hâve noticed in the Late Creta¬ 

ceous Northwestern Pacific Océan an example 

showing two parallel distributions of characteris¬ 

tic radiolarian feunas; the similarity of the nor- 

thern Northwestern Pacific fauna and the lack of 

similarity of the Southern Northwestern Pacific 

fauna to species of the California Upper 

Cretaceous (e.g., Campbell & Clark 1944). 

LATE CAMPANIAN TO EARLY 

MAASTRICHTIAN RADIOLARIANS 

FROM CENTRAL JAPAN 

GEOLOGIC SETTING AND RADIÜL/VRIAN  FOSSILS 

OF THF Shüya Formation, northurn central 

Jafan 

The Shoya Formation (Watanabe 1958) is expo- 

sed in an area approximatcly 0.5 km wide and 

4,5 km long, and located 100 km northwest of 

Tokyo (Fig. 1). It con.sists ofthrcc fining-upward 

cyclic sequences of marine sedimentary rocks 

about 600 m in total thickness, lacking pelagic 

iruerbeds. The lower and middlc parts of each 

sequence are composed of poorly-sorted, black, 

medium- or fine-gtained sandstone, which grade 

upward into welLsorted, bedded, dark gray sand¬ 

stone. The upper part of cach sequence is com¬ 

posed of alternations of mudstone and .sandstone 

with dark gray, siliceous mudstone. The siliccous 

mudstone frequently contains thin (several milli-  
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Fig. 1. — Index map of the study 
area showing the position of the 
Shoya Formation and the 
Kobotoke Group in central Japan. 

mcters) layers of interbedded, greenish-gray, tuff- 

aceoiis mudsrone or ruff. Some sajîdsrone units 

contain abondant, yet poorly preserved molluscs, 

including Spon^iyltu Jfiponicus, Cûr/iium{})j  

Ostreûy other pelecypods, brachiopods, and corals 

(Amano &c Marui 1958). Based on cectonic 

configuration, litho- and bio-facies, rhc Shoya 

Formation is interpreied as a typical forearc 

sequcnce at the eastern margin oF rhç Asian 

Continent (Ishii &C Takahashi 1993). 

Radiolarian fossils were encountered in the dark 

gray or black siliceous mudstone parts of the 

strata. The radiolarian assemblage conrains 

17 species belonging to 10 gênera (Table l), 

some of which are shown in Fig. 2A-S. The 

assemblage rarely containcd Arnphlpyndax tylolm 

Foreman and ^4. enesseffi Foreman, and is charac- 

terized by chc occurrence of Lithomelissa héros 

Campbell Ôc Clark, L. hoplites Foreman, 

Theocampe altumontensis (Campbell & Clark), 

and Stichoniitra livermorensis (Campbell ôc 

Clark). 

Geolocuc settjng and radiolarian fossils 

OF l’HF Kobotoke Group, Southern central 

Japan 

The Kobotoke Group (Makino 1973; Sakai 

1987) is exposed in an area approximately 10 km 

wide and 70 km long, and located 50-100 km 

wesr of Tokyo (Fig. 1). It îs composed of rhyth- 

mically alrernating beds (severai centimeters 

thick) of fine- to medium-grained arkosic sand- 

stone and black mudstone, occasionally inclu¬ 

ding cliert and lime.stone blocks and 

conglomerate lenses in the mudstone dominant 

part. The chert is mosrly red and rhyrhmically 

bedded and the limesfone is dark gray in color. 

The conglomerate is composed of pebbles of 

limcstone, chert, sandsrone, and mudstone 

within a sandy matrix, and they are found in 

small bodies sporadically scartered in the sand- 

stone layers. 

The strata show normal graded bedding and are 

steeply dipping northward in a monoclinal struc¬ 

ture, nevertheless, the geological âges of the South¬ 

ern beds are younger than those of the northern 

beds (Ishii et ai 1990). These Icatures, the over- 

all younging towards the south by répétition of 

the strata wirhln imbricate thrusts, suggest a 

typical strata distribution for an accretionary 

prism (Ishii ôt Takahashi 1993). 

Radiolarian fossils were encountered in the sili- 

ceous, dark gray or black mudstone parts of the 

strata. The radiolarian assemblage contains 

11 species belonging to 6 généra (Table 1 ), some 

of which are shown in Fig. 3A-M. The assembla¬ 

ge is characterized by the prédominant occur¬ 

rence of Amphipyndax tylotus Foreman and 
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Table 1. — Occurrence and relative abundance of radiolarians of the Shoya Formation and îhe Kobotoke Group. Radiolarian abun- 
dances are categorized as common (C) and rare (R). Plus (+) means presence. but recognized with such difficulty that no estimate 
of abundance could be made. 

Taxon Shoya Formation Kobotobe G. 

Sh-1 Sh-2 Sh-3 Sh-4 Sh-5 SM St-2 

Amphipyndax alamedaensis (Campbell & Clark) - C - - - R R 
A. enesseW Foreman R - - R - C R 
A. plousios Foreman - C - R - - - 
A. stocki (Campbell & Clark) C C + C + C C 
A. tyhtus Foreman - c + C - C C 

Archaeospongoprunum salumi Pessagno C — — C - - - 

A. stocktonensis Pessagno - - - R - - - 
Comuteita caliiornica Campbell & Clark - - - R - R - 

Dictyomitra andersoni (Campbell & Clark) R c - C + C C 
D. lamellicostata Foreman - - - - - C c 

D. multicostata Pessagno C c + C _ C c 
Eribotrys anax Foreman - - - R - - - 

Lithomelissa héros Campbell & Clark - - - C - - - 

L. hoplites Foreman - - - C + - - 

Myllocercion acineton Foreman “  - - - C - 

Praeconocaryomma dauerhafta (Empson-Morin) _ _ - _ - R - 

Pseudoaulophacus floresensis Pessagno - - - - - R R 
Rhopalosyringium magnificum Campbell & Clark - c - - - R C 
Saturniforma brionesensis Pessagno - - - C - - - 

sciadiocapsid R - - c - - - 

StichomiTra asymbatos Foreman R c — R C R 
S. livermotonsis (Campbell & Clark) - c - C - - - 

Theocampe ahschnitta (Empson-Morin) - - - - - C R 
T. altamontensis (Campbell & Clark) - - - c - - - 
Theocapsomma amphora Campbell & Clark R c - c — - - 

A. enessefft Foreman, and also characterized by 

the occurrence of Theocûmpe ahschnitta 

(Empson-Morin), Dictyomitra lamellicostata 

Foreman, and Myllocercion acineton Foreman. 

AGEASSIGNMENT 

The rwo radiolarian assemblages from the Shoya 

Formation aitd the Kobotoke Group hâve somc 

différences tn thcir componcnts. Howevcr, thcse 

assemblages contain common and/or individual 

typical species of the Amphtpyndax tylotus zone 

(Foreman 1977; Sanfilippo & Riedel 1985). For 

example, the first appearances of Lithomelissa 

hoplites and Theocampe ahschnitta are included 

near the base of the A. tylotus zone. The top of the 

zone is defined as the Maastrichtian/Danian 

boundary recognized by the last occurrences of 

A. tylotus, L. hoplites, and Dictyomitra Ltmellicosta- 

ta (Foreman 1968, 1977; Sanfilippo & Riedel 

1985). Wirh respect to the othct species, the first 

appearances of Lithomelissa héros, Theocampe alta- 

montemis ̂and Myllocercion acineton are 

Campanian (Pessagno 1976; Foreman 1978; 

Taketani 1982; Empson-Morin 1981; Sanfilippo 

& Riedel 1985), whereas Stlchomltm liiermorensîs 

first occurs in the Coniacian (Moore 1973). The 

final occurrences of these species also correspond 

to the top of the A. tylotus zone at the 

Maastrichtian/Danian boundary (Foreman 1968, 

1978; Sanfilippo &: Riedel 1985). 
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Fig. 2. — Late Campanian-early Maastrichlian radiolarian fauna from lhe Shoya Formation, northern centra) Japan. A, Amphipyndax 
tylotus Foreman; B. Amphipyndax enesseffi Foreman; C. Amphipyndax alamedaensis (Campbell & Clark): D, Amphipyndax stocki 
(Campbell & Clark); E, Stlc^omkra livermorensis (Campbell & Clark): F. Dictyomitra multicostata Pessagno; G. Drclyomitra anderso- 
ni (Campbell & Clark): H, Lithomelissa haros Campbell & Clark; I. Lithomelissa hoplites Foreman; J, Theocampe altamoniensis 
(Campbell & Clark): K. Theocapsomma amphora Campbell & Clark; L, Rhopalosyringium magnificum Campbell & Clark; 
M, Cornutella californica Campbell & Clark; N, gen. sp. indet.; O, Sciadiocapsid gen. sp. indet.; P, Saturniforma brionesensis 
Pessagno; Q, Orbiculiforma sp.; R, Archaeospongoprunum saiumi Pessagno; S, Archaeospongoprunum stockîçnensis Pessagno. 
Scale bars: 0.1 mm 

Therefore, rhese spedes of both assemblages reco- 

vered from the Shoya Formation and the Kobo- 

toke Group represent the Amphipyndax tylotus 

zone which is indicative of a range from the late 

Campanian to the early Maastrichtian in âge 

(Foreman 1977, 1978; Sanfilippo & Riedel 1985). 
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Fig. 3. — Late Campanian>early Maastriçhhan radiolarian faunafrom the Kobotoke Group, soufhern central Japan A. Amphipyndax 
tylotus Foreman; B, Amphipyndax enesseffi Foreman; C, Amphipyndax alamedaensis (Campbell & Clark): D. Amphipyndax stocki 
(Campbell & Clark); E, Dictyomitra multicostata Pessagno; F, Diciyomitra ancfersom (Campbell & Clark); G, Dictyomitra lamellicosta- 
ta Foreman: H. TTïeocampe abschnitta (Empson-Morin); I. Theocampe sp.; J. f^hopafosyringium magnificum Campbell & Clark: 
K. Myflocercion acineîon Foreman; L, Pseudoaulophacus ftoresensis Pessagno, M. Archaeospongoprunum sp. Scale bars: 0.1 mm. 

PALEOBIOGEOGRAPHIC 

DISTRIBUTIONS OF LATE CAMPANIAN-  

EARLY MAASTRICHTIAN RADIOLARIANS 

Selected pairings of the assemblages from the 

Shoya Formation and the Kobotoke Group were 

compared by means of a similarity index (Jaccard 

CoefFicicnt; Table 2). The results show that the 

pairings between the Kobotoke Group (St-1 and 

St-2) and the Shoya Formation (Sh-1, Sh-2, and 
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Table 2. — A matrix of similarity values (Jl: Jaccard index) for 
comparisons of radiolarian assemblages from each sample. 

Shoya F. Kobotobe G. 

Sh-2 Sh-4 SM St-2 

Sh-1 0.38 0.44 0.29 0.36 
Sh-2 0.40 0.41 0.50 
Sh-4 0.28 0.26 
St-1 0.78 

Sh'4) yieldcd somewhat lower values rhan did 
pairings from vvirhin each one. Namely, each 
assemblage is characrerized by different species. 
For example, the assemblage from the Shoya 
Formation is characterized by the occurrence of 
Liihomelissa héros Campbell ^ Clark, Litho- 
melissa hoplites boœman. Theocampe altamonten- 
sis (Campbell & Clark), and Stichoniitra liver- 
motensh (Campbell & Clark), whereas the one 
from the Kobotoke Group is characrerized by rhe 
occurrence of Theoaimpe abschnitta (Empson- 
Morin), Dictyornina lani&llkosuiîn Foreman, and 
Mylloctrcion adnttvn Foreman. 
Radiolarians from each sample occiir in ihe same 
.siliccous mudstone lithofacie.s. and the rock 
samplcs wcrc carcfully caken from non-foldcd, 
non-overcurned, and non-metamorphosed parts. 
Furthermore, in spite of varied sraces of préserva¬ 
tion, each radiolarian assemblage has ics own 
characterisnc species, although the number of 
skclctons may differ. d'hus, it is suggested ihat 
the différences in coniponencs berween the two 
Lace Crctaceous radiolarian assemblages may 
bave been caused largely by oceanic environ¬ 
ment. In chis stüdy, 1 artempr to distinguish che 
paleobiogeographic distributions of the seven 
characteristic species of the radiolarian faunas, 
and examine rhe différences in components and 
their possible cau-ses from their worldwide distri¬ 
butions in Lite Crctaceous timc. The loailicics of 
radiolarians are jllustrated in Figs 4, 5. 
Lithomelissa hoplites (Fig. 2J) was reported from 
California (Foreman 1968), the mid-Atlantic 
Océan (Foreman 1977), New Zcaland (Hollis 
1997), and Southwest Japan (Yamasaki 1987). 
Lithomelissa héros (Fig. 21) was reported from 
California (Campbell & Clark 1944; Foreman 

1968; Pessagno 1976), New Zealand (Flollis 
1997), and the mid-Atlanric Océan (Foreman 
1978). Lithomelissa sp. were reported from the 
northeast coast of New Zealand (Ballance et al. 
1989; Hollis 1997), Southwest japan (Yamasaki 
1987), and Hokkaido (Iwata & Tajika 1986). 
Theocampe altamontensis (Fig. 2K) w^as reported 
from the northeasr coast of New Zealand 
(Ballance et al. 1989; Hollis 1997), rhe South 
Atlantic Océan (Foreman 1977). the Antarctic 
Océan (ling & Lazarus 1990; l.ing 1991), 
California (Campbell & Clark 1944), Southwest 
Japan (Muramatsu 1986; Yamasaki 1987), and 
the Bering Région (Vishnevskaya 1986). 
Stichoniitnt liverrnorejisis (Fig. 2F) was reported 
from California (Campbell & Clark 1944; 
Forernan 1968), the Bering Région (Visbnev- 
skaya 1986), the Antarctic Océan (Ling 1991), 
New Zealand (FloHi.s 1997), .Southwest japan 
(Suyari 1986; Yamasaki 1987), and Hokkaido 
(Iwata & Tajika 1986, 1989). Amphipyndax enes~ 
seffi (Figs 2C, 3C) was reported from the mid- 
Pacific Océan (Moore 1973; Fimpson-Morin 
1981), California (Pessagno 1969), the mid- 
Atlantic Océan (Foreman 1977, 1978; Empson- 
Morin 1984), Southwest japan (Suyari & 
Hashimuio 1985; Muramatsu 19S6; Suyari 
1986; Yamasaki 1987)» and Hokitaido (Iwata & 
Tajika 1989). The occurrence from FIokkaido 
(Iwata Tajika 1989) is the northernmost limit  
of the range of A. enesseffi in the World. 
Theocampe abschnitta (Frg. 31) was reported from 
the mid-Pacific Océan (Empson-Morin 1981) 
and Southwest japan (Muramatsu 1986; 
Yamasaki 1987), Mylloeercion acincton (Fig. 3E) 
was reported from ihe mid-Pacific Occan 
(Empson-Morin 1981), California (foreman 
1968), New Zealand (Hollis 1997), and the mid- 
Atlantic Occan (Foreman 1978). Diçtyomitra 
lamellicostata (Fig. 3H) was reported from the 
mid-Atlantic Océan (Foreman 1977, 1978), 
California (Foreman 1968), New Zealand 
(Hollis 1997), and Southwest Japan (Suyari Se 
Hashimoto 1985; Suyari 1986). 
With respect to the relation between radiolarian 
distribution and latitude, Amphipyndax enesseffi, 
Theocampe abschnitta, Myllocerçwn acineton, and 
Diçtyomitra lamellicostata were restricted to rhe 
low to intermédiare latitudes except for New 
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Fig. 4. — Distribution of Stichomitra llvermorensis (Campbell & Clark). Uthomelissa sp. (including L héros Campbell & Clark and 
L. hoplites Foreman), and Theocampe altamontensis (Campbell & Clark) in the late Campanian to eariy Maastrichtian. Data are from 
Campbell & Clark (1944). Foreman (1968. 1977). Pessagno (1976), Empson-Morin (1984). Muramatsu (1986), Iwata & Tajika (1986, 
1989), Vishnevskaya (1986), Yamasaki (1987). Ballance et ai (1989). üng & Lazarus (1990), Ling (1991), Hollis (1997), and présent 
research. This map has been synthesized from Barron et ai (1981). Smith et ai (1994), and Roberts & Kirschbaum (1995). 

Fig. 5. — Distribution of Amphipyndax enessefff Foreman. Theocampe abschnitia (Empson-Morin), Myllocercion acineton Foreman, 
and Dicîyomitra lamellicostata Foreman In the late Campanian to eariy Maastrichtian. Data are from Pessagno (1969), Moore 
(1973), Empson-Morin (1981,1984), Suyari & Hashimoto (1985), Muramatsu (1986), Suyari (1986), Yamasaki (1987), Iwata & Tajika 
(1989), Takahashi et ai (1989), Ishü et ai (1990), Hollis (1997), and présent research. 
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★ Amphipyndax enesseffi • Theocampe abschnitta a Myiiocercion acineton ■ Dictyomitra famellicostata 

Fig. 6. — Relâlionshtp between Gordon's (1973) oceanic circuiation and the global distribution of lhe ses/en characteristic radiolarian 
species. Amphtpyndax enesseffi, Thtfooampe aPschniffa, Myiiocercion acineion, and Dictyomitra lameflioostata were restrlcled lo the 
low to intermodiale latitudes. Llidomelissa héros, Uthomelissa hoplites, fheocampe atiamnntensls. and SUchomitra Iive/rnorensls 
would tend lo be codcnopolitan. howevef. ooly in the cimunvP^fânr région, they werw epparently confined to northeftstem Asie, nor*- 
thwestem North America, and the Antarctic. In lhe fethys Sea and Atlantic Sca. therc wore more longitudinal channols which permil- 
ted mlxing of lheir water with highei UtitudQ wdter. Intermediate tn high intitude radlolanans, theretore, reach much forther south to 
lhe Tethyan and central Atlantic régions alOng lhe sPHways on the Leurasia. In contrasi. citculation in lhe norlhern Pacific Océan 
dur'ing the Late Cretaceous was dominated by a clocKwise gyre. It made possibly contrasling distributions ot radiolanans in this time. 

Zealand (Hollîs 1997)- Lithomelissa herosy 

Lithomelissa Psoplites, Theocampe ait amont émis y 

and Stichomitra livermorensis would tend to be 

cosmopoiitan. Howevci, only in lhe circum- 

Pacific région, they werc apparently confmed to 

northeastern Asia, norrhwestern North America, 

and the Anrarctic. Thar is, the paleobiogeogra- 

phic distributions ol the particular species of 

Late Cretaceous radiolarians seem to hâve reflec- 

tcd water-masses or theif conditions. 

Température is presumably a laritudinal compo- 

nenr (e.g., Petrushevskaya 1971). Factors other 

rhan water depth and température such as 

nucrieni levels and water chemistry undoubtedly 

controllcd radiolarian distribution and abundan- 

ce (e.g., Anderson 1983)  ̂many of diese factors, 

however, are also relatcd to water depth and tem¬ 

pérature (Pessagno 1976). Among fossil orga- 

nisms, the clearly latitudinal distribution of 

foraminifera in Cretaceous rocks indicates the 

importance of température (e.g., Caron 1985). 

T^mmonoids also seem to be influenced by tem¬ 

pérature as they are .separable into Tethyan (ixo- 

pical) and Boréal assemblages (e.g., Obata & 

Matsulcawa 1988). If  the faunal distributions of 

radiolarians are duc co différences in température 

of the water masses, the distribution is possibly 

influenced by the current Systems. Not only do 

currents sepatate biogeographical régions, but 

the currents themselves contain characteristic 

radiolarian fiunas. 

Using analogies with the modem world and évi¬ 

dence of past climates, Gordon (1973) recon- 

strucîed global océan currents for the Late 

Cretaceous. Fig. 6 shows the relationship be¬ 

tween GordonS (1973) oceanic circulation and 

the global distribution of the seven characrerisric 

radiolarian species. 

Any discussion of Lace Cretaceous paleoenviron- 

ments first rcquires a description of land-sca dis¬ 

tribution. which was significantly different from 

the présent (Barron H ai 1981; Smith et al. 

1994). Global marine transgression progressed 

during Late Cretaceous time (e.g., Payton 1977). 
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The Tethys Sea and the Atlantic Océan wcre 

broad at this rime, and thcre were more longitu¬ 

dinal channels (the norrhern Tethys and north- 

ern Atlantic longitudinal seaways) which 

permittcd inixing of iheir watcr vvîth highcr lati¬ 

tude watcr, not neccssarily at rhc surface of chc 

water column. The circumpolar West Wind 

Drift  would hâve canscd cool currents to enter 

the Norrh American mid-continental seaway and 

the European shelf \eas (Gordon 1973)* 

Intermediate lo high latitude radiolarians, thcre- 

fore, reach much farther south to the Tethyan 

and central Atlantic régions aJong the seaways on 

the Laurasia. It was proved by bimodal radiolar- 

ian faunas lound at the Latc Crctaccous Tethyan 

and mid-Atlantic régions, and was clearly asso- 

ciared wirh the Late Cretaceous transgressive 

phase. Pessagno &c Blome (1986) referred to 

Cordons model as being applicable to the 

Middlc Jurassic world occanic circulations. They 

also recognized the mixing ol warm and cool 

watermasscs at the Tethyan and Atlantic régions 

in that cime. 

In contrast, circulation in the norrhern Pacific 

Océan during the Lare Cretaceoies was domina- 

ted by a clockwise gyre (Gordon 1973), with a 

warm current (Paieo-Kuroshio Curreni) Howing 

north on ils western inargin whcrc Amp/jf/))fNd^ix  

enesseffî, Theocampe abschmttas Myllacercïon ad- 

neton, and Dlctyormtrn Inmellicosmm rhrived, and 

a cool current (Paléo-California Current) flowing 

south on the eastern margin where Lithomelhsa 

herosy Lithomdissa hoplites, Theocampe altamoN- 

tensis, and Stichomitra livermorensis wcre success- 

ful. Around ihc Japancsc Islands, two occanic 

currents may have existed; one from ihc north- 

ernmosr Pacific Océan and the othet from the 

Equator. They crosscd cach other at the présent 

position of the japanese Islands. 
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APPENDIX 

Sample localities 

Figured specimens will  be deposited in the Tokyo Gakugei University. The following sample num- 

bers, Sh and St, refer to samples from the Shoya Formation and the Kobotoke Group, respectively. 

For St-1, see Loc. 8 in Takahashi et al. 1989; Loc. 12 in Ishii et al. 1990. 

Samples Géologie setting localities 

Sh-1 
Sh-2 
Sh-3 
Sh-4 
Sh-5 
St-1 
St-2 

Siliceous dark gray mudstone 
Siliceous dark gray mudstone 
Siliceous dark gray mudstone 
Siliceous dark gray mudstone 
Siliceous dark gray mudstone 
Siliceous dark gray mudstone 
Siliceous black mudstone 

36°13’07”N, 
36°13’07”N. 138°35’04”E 
36*^13’07”N, 138“35’04”E 
36M2’5rN. 138"35’04”E 
36°12’5rN, 138°35’04”E 
35°53’39”N, 138^3riO”E 
35°46’06”N, 138°54’33”E 
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